
Hydrogen from regional energy 

management to global network of 

renewable production

Prof. Tatsuoki Kono, Ph.D.

Institute for Materials Research

Tohoku University

Research Center for Advanced Science 

and Technology, The University of Tokyo

FRENCH-JAPANESE SEMINAR FOR 

COOPERATION ON HYDROGEN 

DEVELOPMENT

24 June 2019



2

Advantages of Hydrogen

Energy problem in Japan

Low energy self-
sufficiency rate

Unsatisfactory CO2

emissions
Unstable renewable 

energy

Advantages of hydrogen energy

1) High self-sufficient energy rate

2) Zero CO2 emission

3) High energy density and   
long term energy storage

Stable energy converted from 
renewable energy

High energy conversion efficiency, 
long term storage

中国

アメリカ

インド

ロシア

ドイツ

日本
億トン

Country Billion t ％

1 China 9.3 28.3

2 USA 5.2 15.8

3 India 2.0 6.2

4 Russia 1.5 4.8

5 JAPAN 1.2 3.6

6 Germany 0.7 2.1

https://www.enecho.meti.go.jp/en/category/brochures/pdf/japan_energy_2018.pdf
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WE-NET (World Energy Network : 1993-2002)

International cooperation in research and development of 

clean energy system with particular emphasis on hydrogen
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WE-NET (1993-2002)

1.Liquid-hydrogen Station 

2.Hydrogen Aircraft 

3.Hydrogen Storage Tank 

4.Energy Consumer Site 

5.Hydrogen Bus 

6.Hydrogen Combustion Generation 

7.Hydrogen (Transport) Tanker 

8.Hydrogen Car 
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Hydrogen Storage alloy

 Hydrogen storage alloys can store large amounts of hydrogen 

as an energy source safely and easily.

 Hydrogen storage alloys are metallic materials that reversibly 

absorb and desorb large amounts of hydrogen in gas phase.

Hydrogen absorption Mechanism of hydrogen storage alloy

H2

Hydrogen Storage Alloy Hydride

Absorption

Desorption

H2
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Hydrogen

Storage Alloy Alkaline 

electrolyte

load

M

Ni(OH)2

ChargeDischarge

PositiveNegative

MHHydride

NiOOH

Nickel Hydride Battery

Positive ：Ni(OH)2 + OH-⇔ NiOOH + H2O + e-

Negative ：M + H2O + e-⇔ MH + OH-

Total：Ni(OH)2 + M ⇔ NiOOH + MH 
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La-Mg-Ni Alloy : Superlattice alloy

La-Mg-Ni3-3.5 type alloy：Stacked by AB5，AB2 unit

→ discovered in 1997, published in 2000
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Nickel Hydride Battery

Chemical decomposition of the cathode has been reduced 

substantially by the use of a new superlattice alloy.

As an additional benefit the superlattice alloy increases the 

electrical capacity of the battery and reduces the internal 

resistance, which allows higher discharge currents.

1st Nov 2005eneloop (Sanyo→Panasonic)
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Nickel Hydride Battery



Volume of 4 kg hydrogen

Mg2NiH4 LaNi5H6 H2(liquid) H2(200bar)

Zuettel. A., “Hydrogen-storage materials for mobile applications”, Nature 414(6861), 353-8, 2001

Hydrogen Storage Alloy
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Energy Density of Batteries and Hydrogen

Hydrogen Gas Tank (70MPa for FCV)

Natural Gas  

Gas  

Pb 

Nickel-MH

Lithium Ion

Battery 

High

Volume Energy density (Wh/L)
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Hydrogen Storage Alloy
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Water

②Short-term power variation：

inputted to the battery

①Stable power：supplied for demands directly

③Long-term power variation：transferred to Hydrogen

Elec.

Heat

H2

H2O

H2

H2O

Hydrogen Energy System

Energy
Management
System

Battery

Fuel
Cell

Hydrogen

Storage 

Alloy
Electrolyzer

ＥＭＳ

https://www.meti.go.jp/committee/kenkyukai/energy/suiso_nenryodenchi/pdf/005_s01_00.pdf
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item specification

Design 

Pressure
0.9MPaG

Hydrogen

Content

1,000Nm3 class

(1.5MWh)

Alloy 

Weight

7.2ton

(800kgx9tank)

AB5 alloy

Unit Size
W1,800xL3,150

x H2,145mm

Tank Size
Φ342x2,852mm

x 9tank

Gross 

Weight
14ton

Large MH tank system for the energy system
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Tohoku Electric Power Company project

http://www.tohoku-epco.co.jp/news/normal/1191500_1049.html

To evaluate hydrogen in overcoming fluctuations from PV, 

Tohoku electric power company is using the system from 2017.

It consists of solar power system (50kW), 

② H2 production equipment (5Nm3/h)

③ H2 storage alloy tank (220Nm3, 300kWh)

④ H2 fuel cell (9.9kW)

⑤ Secondary battery (50kW, 67kWh)



15https://www.pref.miyagi.jp/site/miyagi-hyenergy/h2one.html

Disaster prevention energy system

Hydrogen Energy System will be able to provide energy supply

under disaster conditions. 

In day-to-day operations, it will supply energy to the electronic 

display of stadium, Rakuten FM TOHOKU radio station, and the 

light near the baseball stadium.
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NEW Hydrogen Storage Alloy Tank for FC ship

Hydrogen

Storage

Alloy

Tank

Thermocouple Connector

Warm water tube

Hydrogen remaining quantity meter 



17https://www.marubeni.com/jp/news/2017/release/20170804.pdf

Low Carbon Hydrogen Supply Chain 

in Tomiya City, Miyagi (Tohoku)
2018/8/4



18http://www.tomiya-city.miyagi.jp/uploaded/attachment/6423.pdf

This Demonstration used the existing solar power generation 

system installed at the logistics center of Miyagi COOP. 

Solar power is transformed to hydrogen by an electrolyzer, and 

then stored in the cassettes containing Hydrogen Storage Alloy.

80kW

10Nm3/h

Hydrogen 
Storage 
Alloy

logistics center 



19http://www.tomiya-city.miyagi.jp/uploaded/attachment/6423.pdf

Hydrogen Storage Alloy Cassettes will be delivered through an 

existing distribution network to three family houses, COOP 

supermarkets and Children’s Club. After delivery, the cassette 

will be attached to a pure Hydrogen Fuel Cell and converted to 

power and heat that the users can utilize as energy. 

FC:700W

FC:700W

FC:3.3kW

Existing distribution 

network 

Hydrogen 
Storage Alloy
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Regional Energy Management System

1) Energy serving using Renewable Energy only

2) Lower cost compared to fossil fuels

3) High packing density : Hydrogen Storage Alloy

Power 

Interchange

(Sendai)
Heat interchange

Renewable Energy

RE Hydrogen 
Energy System

Hydrogen 

Interchange

(Tomiya)

Renewable Hydrogen Grid model  
(RE + Hydrogen)



Solar hydrogen

Solar farm in Queensland

Concentrator PVs

H2 carrier

Solar methane

A global network of hydrogen 
for disruptive installation of renewable energy 

Prof. Masakazu SUGIYAMA
Research Center for 
Advanced Science and Technology, 
The University of Tokyo

Prof. Tatsuoki Kono
Research Center for 
Advanced Science and Technology, 
The University of Tokyo
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Capacity of renewable electricity
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RE : Solar PV + wind power 
- Rapid growth in capacity
- Remaining large potential for installation

REN21. 2018. Renewables 2018 Global Status Report 
(Paris: REN21 Secretariat). ISBN 978-3-9818911-3-3



Solar PV global capacity
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REN21. 2018. Renewables 2018 Global Status Report 
(Paris: REN21 Secretariat). ISBN 978-3-9818911-3-3

2018 estimate: 512 GW

The minimum electricity price of PV : ca. 2¢/kWh



Decarbonization towards 2050 in Japan
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80% reduction 
in GHG emission by 2050

2010 2050
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Fossil 
Fuel

Fossil
160

160

320

Potential 
for RE installation

Necessity for CCS

RE: Renewable energy

RE 475

RE

PV 250 GW
wind 50 GW
Other renewables 50 GW

Nuclear25

Japanese 

government 

target



Domestic use of 
renewable energy

Regional management 
of renewable energy

EV / FCV

Targeted energy system

Renewable fuel for electricity generation

 Disruptive installation of renewable energy
Japan/Asia

Renewable H2 from oversea countries

Intercontinental transport

A region with abundant sunlight and land area

Renewable electricity
+

water electrolysis

Regional management of renewable 
energy 

 Early installation of renewable 
energy using Japanese technology

Oversea 
countries

Electricity by Renewable H2 Green electricity

Mobility

Collaboration with existing initiative
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Heat source / massive industrial usage 

CO2-free H2 from 
oversea countries
（CCUS）

R&D in progress as a national project

R&D in progress as a national project

Bridging technologyA missing piece 
in an entire picture



Intercontinental hydrogen transport and usage
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Water 
electrolysis

Inexpensive 
electricity

Combustion
Electricity gen.

PV

Water 
purification

Renewable
H2

Japan

Chemical 
Hydride

Methane

Liquid H2

H2 addition
(catalysis)

methanation
(catalysis)

cooling

Utilization with
existing infrastructure

Intercontinental transport

Mobility 
powered by H2

H2 addition
(catalysis) NH3

H2

separation

H2 separation

CO2 source



Japanese-French Laboratory for Next generation PV Cells
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NextPV is an International Joint Laboratory on photovoltaic 

cells, operated by the French CNRS - Institute for Engineering 

and Systems Sciences (INSIS), Institute of Chemistry (INC), 

by The University of Bordeaux and by the Research Center for 

Advanced Science and Technology (RCAST), The University 

of Tokyo.

8-9 Octobre 2018 
France - Japan Joint Forum 

on Solar Energy 



Oversea transport of renewable H2

Solar H2

Intercontinental 
H2 transport

FCV

Renewable H2 from abroadFuel cells
Residential
electricity

CombustionIndustrial
electricity

The region with high solar irradiance

Concentrator PVs

H2 carrier technology
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